AMP-activated protein kinase as a target for preconditioning in transplantation medicine.
Graft quality before transplantation is a major factor influencing chronic rejection. Organ preservation and ischemia/reperfusion play an important role in the induction of organ injury. Although both suppression of metabolism by hypothermic preservation and preconditioning before ischemia limit injury, understanding the biochemical signaling pathways will allow us to optimize graft preservation further. Adenosine monophosphate-activated protein kinase (AMPK) is an important enzyme sensing cellular energy balance and regulating downstream signaling pathways, signaling toward an energy-conserving state. In this review, we summarize available literature regarding the protective signaling pathways activated by (hypothermic) ischemia and preconditioning and how they can be activated pharmacologically. Optimizing the graft quality before transplantation improves long-term graft survival. The major factor influencing organ quality is organ preservation, cold storage, currently, being a common practice. Loss of cellular homeostasis, inflammation, and endothelial dysfunction are the major factors inducing injury after cold storage. Adenosine triphosphate depletion and anaerobic metabolism during the cold ischemic period lead to mitochondrial dysfunction, disturbed osmoregulation, and cell death inducing inflammation. Ischemic preconditioning consists of brief periods of ischemia preceding preservation and protects organs against injury because of subsequent ischemia/reperfusion, in which endothelial nitric oxide synthase, nuclear factor-kB, and adenosine play a major role. After conversion of adenosine to AMP, AMPK can be activated, a central kinase involved in sensing cellular [AMP]:[adenosine triphosphate] levels and signaling toward an energy-conserving state. Pharmacologic activation of AMPK demonstrated its ability to activate endothelial nitric oxide synthase and inhibit nuclear factor-kB, thereby limiting endothelial dysfunction and inflammation. Further, studies in knock-out mice lacking ENTDP1 and NT5E (enzymes catalyzing formation and degradation of AMP, respectively) demonstrated a clear protective role for AMP in ischemia/reperfusion. AMPK activation before or during organ preservation might be a promising pharmacologic approach to limit organ injury and maintain graft quality before transplantation.